The performace of a supersonic molecular beam equipment is described. Velocity distributions of the particles in low density supersonic jets consisting of Helium, Argon, Methane and/or Ethane were measured by means of a molecular beam sampling technique and a multi-disc velocity analyser. The jets were produced by expanding the gas from an oven with stagnation pressures of 5 to 5000 torr and temperatures of 293 to 950 °K across different converging nozzles into a vacuum chamber.
Investigation of Low Density Supersonic Jets by Means of a Molecular Beam Sampling Technique
The performace of a supersonic molecular beam equipment is described. Velocity distributions of the particles in low density supersonic jets consisting of Helium, Argon, Methane and/or Ethane were measured by means of a molecular beam sampling technique and a multi-disc velocity analyser. The jets were produced by expanding the gas from an oven with stagnation pressures of 5 to 5000 torr and temperatures of 293 to 950 °K across different converging nozzles into a vacuum chamber.
The Mach numbers as functions of the source Knudsen numbers were calculated using the source flow theory of Sherman and the hypersonic approximation for the translational nonequilibrium of Hamel-Willis and Edwards-Cheng. These calculations were carried out for different intermolecular potentials. The values obtained using this theory are compared with the experimental results. Therefore, this paper disusses only some special characteristics of the equipment used. 
General Considerations
The gas is expanded through a small nozzle into a vacuum forming a low density supersonic jet with a velocity distribution of particles which is con- 
Equipment
The equipment ( Fig. la and b) consisted of a main chamber (H), two beam forming devices (S 1 and S 2) (for crossed beam measurements), an outer tube (1), an inner tube (2), a turntable (3) and a cylindrical baffle (4), which can be cooled by liquid nitrogen or helium.
The cylindrical main chamber (diameter 1000 mm and height 900 mm) and the beam forming tubes (S 1 and S 2) were made of stainless steel (V2A). The vacuum seal consisted of Viton. The main chamber (H) was evacuated by an oil-diffusion pump (type D 36000, Heraeus) with a pumping capacity of 36000 1/s, which was backed by a mechanical roots pump (type R 1600 500 Heraeus) with a pumping capacity of 1600 m 3 /h and a mechanical pump (type DK 180 Heraeus) with a pumping capacity of 180 m 3 /h. The main chamber and the oil-diffusion pump were separated by a baffle which was cooled by a two stagerefrigerator (type KZ 500 Heraeus) to about 210 °K. In the main chamber a background pressure of 5 • 10~8 torr could be achieved. The beam forming devices (S 1 and S 2) consisted of an outer and an inner tube (Fig. 2) . The inner tube was water cooled (4) and had the oven (5) and the nozzle (6) at its free end (Fig. 2) . It was connected to a gas inlet system. The outer tube, which held the skimmer (3) was also water cooled (1 of Fig. 2 ). The inner tube (with the oven and the nozzle) could be moved relative to the outer tube (with the skimmer) in all three directions (x, y, z).
The axial distance (z) between nozzle and skimmer could be adjusted between 0.5 and 110 mm and the radial distances (x and y) between plus and minus 10 mm with the accuracy of 0.01 mm. The position of the whole beam forming device (inner an outer tube) could also be changed relative to the main chamber in all three directions (x, y, z) with the same accuracy.
The nozzle chamber (Ko) (between the nozzle and the skimmer) was connected to the main chamber only by the skimmer orifice. It was evacuated by an oil-diffusion pump (type DI 2000 Heraeus) with a pumping capacity of 2000 1/s which was backed by a mechanical pump (type DK 90 Heraeus) with a pumping capacity of 90 m 3 /h.
The nozzle chamber was separated from the diffusion pump by a water cooled baffle.
In order to allow adjustment of the beam forming devices (S 1 and S 2 of Fig. 1 ) relative to the main chamber (H) and of the inner tube relative to the outer tube (Fig. 2) , these parts had to be flexibly joined; this sealing was especially difficult. In order to gain this necessary flexibility, a new method has been devised for the sealing. A double Viton collar (2 in Fig. 2 ) connected the main chamber with the beam forming device and a single Viton collar (2 in Fig. 2 ) the inner tube with the outer one.
The nozzle had a throat with a diameter d and a length of 2d. The outer and inner angles of the skimmer were constant (50° and 70°).
The nozzle could be heated up to 750 °C. The constant temperature was maintained by a temperature controller.
Detector, Velocity Selector and the Execution of the Measurements
A Bayard-Alpert-Detector with an orifice was used for the detection of the molecular beam. A Heraeus "Ultravac 2" was used as the power supply. The sensitivity could be increased by a factor of ten by decreasing the emission current. The signal was amplified by a DC chopper amplifier and the analoque voltage of the signal was converted into digital values which could printed out. The position of the detector could be changed in two directions (x, y) during the measurements with an accuracy of 0.07 mm. The change of the position was measured by a photocell device.
The molecular beam was chopped at a very low frequency (0.1 to 0.01 Hz) and the signals for beam "on" and "off" were separately recorded.
The velocity of the beam particles was measured by a mechanical velocity analyser after Fizeau. The velocity analyser had the following characteristics:
number of discs diameter of the discs number of slots per disc width of the discs length of the rotor axis resolving power angular velocity The angular velocity of the analyser was also measured by a photocell device. The number of pulses were counted and printed out parallel with the beam signal (Fig. 3) .
The velocity analyser and the detector were mounted on the turn table (Fig. 4) . By rotating the table one could use the velocity analyser-detector-system for the analysis of both of the beams which cross each other at the angle of 90°.
The velocity analyser could be moved into the beam path during the measurements by means of a flexible metal device of Bellow Co.
To measure the spatial distribution of the beam particles, the detector was moved perpendicular to the beam axis (x or y) and the intensity of the beam was recorded at different distances from the nozzle.
For the measurement of the velocity distributions, the angular velocity of the velocity analyser was increased until no partieles could pass it. The power supply was then switched off and the angular velocity of the analyser 
Operation Characteristics
The operating conditions for the beam formation were:
250, 90 and 50 micron, 750 and 500 micron
The temperature To of the oven-nozzle system was varied between 20 and 700 °C, stagnation pressure po between 5 and 5320 torr, background pressure p\ in the nozzle chamber, between 10~3 and 10 -6 torr and background pressure in the main chamber, between 10~6 and 5 • 10~8 torr.
The distance were: nozzle-skimmer: variable skimmer-collimator 1:
102.3 mm skimmer-collimator 2: 220.5 mm skimmer-detector: 340.5 mm. If the diameter of the orifice is small (e.g. 0.3mm).
one finds the expected trapezoid distribution of the beam intensity (Fig. 5) . With a large orifice (e.g.
mm), the intensity distribution follows approxi-
mately that of an error function (Fig. 6) .
The distance between the nozzle and the skimmer was varied for a given stagnation pressure po and oven temperature T0 and the optimal distance ropt was estimated for the highest intensity of the molecular beam. If pi is high, / decreases with increasing po. since pi also increases and I is an exponential function of p\. For low pi (< 10" 3 torr), / increases with increasing po (Fig. 8) . Pol pi for constant temperature To (Fig. 10 ) and increases at constant pressure ratio po/pi with an increase in temperature To (Fig. 11) .
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